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Denoting the actual stress by 5p, we get 

A5 = 5p - 5y (33.15d) 

Hence, substituting Eq. (33.15d) into (33.15c), the elastic modulus for the x-x 
portion of the curve becomes 


E, 



(33.15e) 


Solving Eq. (33.15e) for and eliminating strains with the aid of Eqs. (33.15a) 
and (33.15b) gives 




E 


(33.16) 


It is evident that when Eq tends to zero, a stress-strain curve representing ideal 
plastic material is obtained, and for all values of strain. On the other hand, 

when Eq = E, there is only elastic behavior, and the stress-strain curve represents 
purely elastic action up to the point of failure. The concept of ideal plastic material 
is often employed in the theory of plasticity because a typical mild steel stress-strain 
diagram is close to that of a perfect plastic material. With various alloying elements, 
the material still exhibits desirable ductility, but, in addition, there may be some 
strain hardening. 

Considering the strain-hardening characteristic to be that illustrated in Fig. 
33.9, the following appraisal of the apparent versus actual stress can be made. 
Assume that the calculated hub stress in a flange is 70,000 psi, as shown in Fig. 33.9. 
If material knowledge gives the yield strength = 31,000 psi, and the ultimate 
strength = 50,000 psi, but the shape of the stress-strain curve is unknown, then 
on the basis of our calculation we may conclude that the pipe section will fail. 
Specifically, the safety factors 0.44 and 0.71 are based on the given values of yield 
and ultimate strength, respectively. To increase these factors it would appear that 
either a better material is needed or that the nominal wall thickness of the pipe 
should be increased. Either approach would not be in the interest of economy and 
could lead to gross overdesign. 

Assume now some knowledge of the actual stress-strain curve, and take Eq/E — 
0.25—not an unusual ratio for a material with linear strain hardening—so that using 
Eq. (33.16) yields 

5p = 0.25 X 70,000 + 31,000(1 - 0.25) = 40,700 psi 

The corresponding safety factors are then changed to 0.76 and 1.23, respectively. If 
the flange in question is not subject to fatigue, as is normally the case with many 
flanged configurations, the pipe failure becomes less likely. 

If the material assumed in the above numerical illustration can be considered 
perfectly plastic, then Eq/E = 0 and the maximum factor of safety becomes unity, 
because the actual hub stress cannot exceed the value of yield. The results of this 
discussion point clearly to the need for a realistic approach to the interpretation of 



